The purpose of our study was to analyze the frequency of focal fatty replacement (FR) of the heart, as well as the distribution and detailed morphology of FR in a large group of patients referred to multi-slice computed tomography with ECG-gating examinations (ECG-MSCT) for various clinical reasons.
Background
ECG-gated multi-slice computed tomography (ECG-MSCT) is an important noninvasive diagnostic tool in cardiac imaging. As the number of ECG-MSCT studies continues to grow, radiologists are noting with increasing frequency various pathological changes within cardiac muscle, including the presence of fatty foci. Although a search of available literature did reveal a small number of publications addressing this topic, to date there are no studies that take a comprehensive look at the occurrence and detailed morphology of fatty changes within the heart in ECG-MSCT examinations.
The presence of fat within the heart has been linked to a number of pathologies. Replacement of the ventricular myocardium by fat is a feature of arrhythmogenic right ventricular dysplasia (ARVD) [1, 2] . Fat within the ventricular myocardium is also related to prior myocardial infarction [3, 4] . Lipomatous hypertrophy of the interatrial septum (LHIS) is a benign disorder characterized by fat accumulation in the interatrial septum [5] [6] [7] [8] . Myocardial fat is also seen in patients with cardiac lipomas and tuberous sclerosis complex [9, 10] . Fatty infiltration of the right ventricle, however, can also be present in healthy people [11, 12] .
The purpose of our study was to analyze the frequency of focal fatty replacement of the heart, as well as the distribution and morphology of fatty deposits in a large group of patients referred for ECG-MSCT examinations for various clinical reasons.
Material and Methods
Our study group consisted of 1830 patients (802 women, 1028 men), averaging 53.5 years of age (range 6 to 90 years of age). ECG-MSCT examinations were carried out and analyzed retrospectively regarding the occurrence of fatty deposits within the heart. This study was approved by the Bioethics Committee of the Medical University of Lublin, Poland (number KE-0254/153/2009) and patient consent was waived.
Examination of 1015 patients was performed using an 8-slice scanner (LightSpeed Ultra, GE Medical Systems), and in 815 patients a 64-slice scanner was used (LightSpeed VCT GE Medical Systems, Milwaukee, Wisconsin).
The examinations were performed in layers: 2.5 mm in native scans and 0.625mm (64-row CT) or 1.25 mm (8-row CT) after intravenous (IV) administration of contrast medium: a bolus of 70-100 ml of Ultravist (iopromide) 370 mgI/ml at a rate of 4-5 ml/s, followed by 30 ml of saline at 4-5 ml/s (64-row CT). In all cases retrospective ECG-gating was employed. When necessary, patients received 25-50 mg of oral metoprolol for heart rate reduction administered 30-60 minutes prior to examination. Reconstruction windows were set manually, depending on heart size, FOV 20-27 cm and a few centimeters above the tracheal bifurcation and below the lower heart border. The output data were sent to a diagnostic console after scanning (Advantage Workstation 4.2 or 4.3, GE Medical Systems). Two experienced radiologists analyzed all ECG-MSCT images.
Fatty changes were defined as areas with negative Hounsfield unit (HU) values in routine or enhanced phase of examination. Fatty changes were divided into: linear, oval, irregular, bilobular, and punctuate based on morphology visible on axial images ( Figure 1A-1E) . Linear changes were defined as lesions with regular contours for which the longitudinal dimension was twice as large as the transverse dimension. Oval changes were defined as lesions with regular contours for which the longitudinal dimension was equal to or greater than the transverse dimension. Irregular changes were defined as lesions with irregular contours for which the transverse dimension was equal to or greater than the longitudinal dimension. Punctate changes were defined as lesions with regular contours for which the transverse dimension was equal to the longitudinal dimension and with a diameter equal to or less than 2 mm. Bilobular changes were defined as lesions with regular contours for which the longitudinal dimension was greater than the transverse dimension with a visible midline constriction ( Figure 2 ).
The following dimensions were determined for each fatty change noted on axial images in both phases of examination: -The maximum diameter was measured for oval changes. -The maximal transverse dimension was measured for punctual and irregular changes. -The greatest length along the curved line was measured for linear changes.
For bilobular changes, the maximum width of the septum was measured within the region of the fossa ovalis. This measurement was made in the native scanning and after contrast administration during the end-diastolic phase on reconstructed images obtained along the long axis of the heart.
The exact location of each fatty change within the heart was noted.
The density of fatty foci was measured on axial images in precontrast and post-contrast scanning. Density was measured at a single point for oval and irregular changes measuring up to 5 mm in transverse diameter. For oval and irregular changes measuring greater than 5 mm in transverse diameter, density was measured at 3 points and then estimated mean value of optical density was determined. The mean optical density was measured for changes greater than 10 mm in diameter.
Morphology and localization of fatty changes within the heart were also analyzed with regard to clinical diagnosis. Patients were classified into one of the following groups: after myocardial infarction (MI) (60 patients), suspected coronary artery disease (56 patients) and "other" (88 persons). The number of patients and different clinical diagnoses comprising the group "other" are shown in Table 1 .
Statistical analysis
Statistical analysis was performed using the Statistica 9.0 program.
Data are expressed as min, max, and mean ± standard deviation. The c 2 test and t test were used to determine the significance between variables. A value of p<0.05 was considered statistically significant.
Results
Presence of fatty foci within the heart was diagnosed in 204 patients (11.1% of the analyzed group).
Patients with fatty deposits within the heart included 113 (11.0% of analyzed group) men and 91 (11.1%) women, averaging 57.8 years of age. Average BMI index in the analyzed group was elevated (28.0 for women, ranging from 23.6 to 42.75; for men 27.9, ranging from 20.3 to 35.4).The average BMI index for patients with LHIS was 28.0 for women and 27.7 for men.
The distribution of fat in 204 patients was as follows: right ventricle (RV) -65 patients (31.9%), left ventricle (LV) -44 (21.5%), biventricular -81 (39.7%), interventricular (IVS) or interatrial septum (IAS) -12 (5.9%), left atrium (LA) -1 (0.5%), and right atrium (RA). The exact distribution of fatty foci within the heart is shown in Table 2 .
The total number of identified fatty foci was 539. Morphology of fatty deposits was as follows: linear -332 foci (61.6%), oval -80 (14.8%), irregular -55 (10.2%), punctate -57 (10.6%), bilobular -15 (2.8%).
The number of fatty foci in particular localization is shown in Table 3 . 
Clinical diagnosis Number of patients

Arrhythmias 14
Cardiomyopathy 7
Suspicion of LHIS in echocardiography 2
Tumor within atria diagnosed in echocardiography 2
Suspicion of pericardial effusion 2
Aortic aneurysm 4
Aortic stenosis 1
Hypertension 13
Atypical chest pain 41 There were significant differences (p<0.001) in the distribution of fatty foci: in the right ventricle fat was localized mainly in the papillary muscles, while in the left ventricle it was localized mainly subendocardially.
When comparing the localization of fatty deposits within the heart we found that that linear changes localized mainly subendocardially in the left ventricle and in the papillary muscles in the right ventricle. Oval and punctate changes, however, localized primarily in the papillary muscles in the right ventricle. Irregular fatty changes were located mainly subendocardially in the left ventricle. The bilobular fatty changes were localized only within the interatrial septum ( Table 4 ).
The parameters determining the size and optical density of the fatty foci in pre-contrast and post-contrast scanning were analyzed. Effect of administration of contrast medium on the visibility of fatty changes, as well as their size and density in both phases of examination, are presented in Tables 5 and 6 .
Fatty foci were visible in pre-contrast scanning in 66% of cases. Almost half as many fatty lesions were seen in both phases Interatrial septum 15
Right atrium 1
Left atrium 1 Table 2 . Localization of fatty deposits (n=539). 
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of examination. Punctate foci were visible only in the native scans. Oval changes were seen in 60% of cases, linear changes in 65%, and irregular in 25% were visible only in the native scanning. Only the irregular changes in 75% of cases were seen in both phases of examination. All bilobular fatty deposits were seen in both phases of examination.
For fatty deposits that were visible in both phases of examination, significant differences were found in the amount of size change depending on the phase of examination.
The dimensions of all fatty changes evaluated after administration of contrast medium were lower in relation to their size prior to administration of contrast medium. The dimensions of irregular and bilobular fatty changes were significantly lower in post-contrast scanning. Also, the optical density of fatty changes in post-contrast scanning was significantly higher for linear, oval, and bilobular deposits (Table 6) .
A significant association was found between the localization of fatty lesions within the heart and clinical diagnosis (p<0.001). Table 5 . Morphological parameters of fatty deposits visible in both phases of examination.
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In patients after MI, fatty deposits were usually located within the left ventricle and interventricular septum. Among patients with suspected coronary artery disease and diagnosed as "other", fatty foci were mainly localized simultaneously in both ventricles and septum.
No significant correlation was found between the morphology of fatty changes and clinical diagnosis (p<0.087). In patients with advanced coronary artery disease, only linear, irregular, and mixed changes occurred. In patients with suspected coronary artery disease and a diagnosis of "other", the most frequent mixed changes were diagnosed (Figure 3 ). Oval and punctate changes occurred mainly in patients with a diagnosis of "other".
A statistically significant relationship was found between the localization of fatty foci within the heart wall and clinical diagnosis (p<0.001). Fatty lesions were primarily located subendocardially in the left ventricle in patients with MI ( Figure 4 ).
In patients with suspected coronary artery disease, fatty foci were mainly observed subpericardially in the right ventricle and papillary muscles. In patients with a diagnosis of "other", fatty changes were most frequently localized subendocardially and subpericardially in the left ventricle and subendocardially in the right ventricle (Table 6 ).
Discussion
Development of new cardiac imaging techniques like ECG-MSCT and magnetic resonance imaging (MRI) enables detailed visualization of the heart as well as the presence of fatty foci within heart muscle. The most frequently reported diseases in which fatty foci are seen are ARVD, LHIS, lipomatous tumor, and post-myocardial infarction [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] .
ARVD is a disease characterized by fibro-fatty replacement of the ventricular myocardium [1, 2] . Dysplastic changes are 
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This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License localized within the right ventricular free wall and are located in the so-called "triangle of dysplasia", which is an area between the tip, funnel, and right ventricular outflow tract (RVOT). As a result, weakening of the ventricular wall occurs, causing right ventricular enlargement and the formation of aneurysms [13] .
The main diagnostic modalities for the detection of ARVD are magnetic resonance imaging, echocardiography, and radionuclide imaging. To date, there are only a few reports in the literature on the diagnosis of ARVD by computed tomography (CT) [14] [15] [16] .
Lipomatous hypertrophy of the interatrial septum is a rare pathology that leads to mild adipose infiltration of the interatrial septum. The frequency of occurrence for this condition is estimated at 1-8% and, depending on the diagnostic method employed, from 1% in autopsy examination to 2-8% in echocardiography [17] .
The etiology of LHIS is unknown, but it is generally thought to be a hamartoma type of change [18] . In clinical research, lipomatous hypertrophy may develop without any symptoms but it can also cause supraventricular cardiac arrhythmias and even sudden death [19] . Imaging diagnostics of lipomatous hypertrophy is primarily based on transthoracic echocardiography (TTE), trans-oesophageal echocardiography (TOE), MRI, and CT.
Fatty tissue may be also present within the scar after a healed myocardial infarction. Patients with peripheral artery disease are at particular risk for the incidence of myocardial infarction [20] .
The presence of fat in the post-infarction scar in post-mortem material was described for the first time in 1997 [3] . Histological examination was performed on 247 hearts with fatty metaplasia of the infarction scar in 68% of cases.
The presence of myocardial fatty metaplasia in post-myocardial infarction patients was first diagnosed in vivo in 2004 [21] . The proposed mechanism responsible for this process is probably related to the presence of multipotential cells in the myocardium which, in response to an external stimulus (e.g., the therapeutic process), differentiate into fat cells [4] . The incidence of fatty changes after myocardial infarction correlates with increased age, the male sex, and after placement of a coronary artery bypass graft [22] .
Cardiac lipomas are benign tumors composed of mature adipose tissue cells [23] . They are visible on CT as homogenous fatty masses within the heart chambers without contrast enhancement. The presence of fatty deposits was also described in patients with tuberous sclerosis complex [9] .
Fatty deposits within the heart muscle may also be present in healthy elderly people [11, 12, 24] . Physiologic fat is located in the anterolateral right ventricular free wall, RVOT, and sometimes in the right ventricular trabeculae and the apex of the heart. In these cases the myocardial wall is either normal or thick [12] .
To our knowledge there are no reports in the literature of a comprehensive and detailed approach to the morphology and 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License localization of fatty foci within the heart. Available articles only partly address this issue. The majority of articles selectively present data on fatty foci in the right ventricle in a selected group of patients, as well as the presence of fatty foci in the left ventricle in a group of patients after myocardial infarction.
In our study, fatty foci were diagnosed in 204 patients (11.1% of the analyzed group). It is difficult to compare this result with data in the literature because of differences in data analysis and different criteria for selecting groups of patients. In our study, a large group of consecutive patients (1830) referred for ECG-MSCT examinations for different clinical reasons were analyzed. There is also a lack of systematic analysis of all localizations of fatty deposits within the heart by other authors. Jacobi et al. [25] detected fatty metaplasia of the heart in 1.4% of diagnosed patients compared to 11.1% in our study. This discrepancy between our 2 studies is most likely due to differences in data analysis and different criteria for selecting the patients to the analysis. Jacobi et al. analyzed non-contrast chest CT studies conducted without ECG gating in a group of patients sent for CT studies with the suspicion of respiratory diseases. Imada et al. [26] detected fatty metaplasia of heart muscle in 42.8% of diagnosed patients, but these authors analyzed fatty foci localized only in the right ventricle. They also examined a smaller group consisting of only 49 patients referred for ECG-MSCT examinations for the evaluation of the degree of atherosclerosis of coronary arteries or the presence of an aortic aneurysm. Such large differences in frequency of the incidence of fatty changes within the heart are most likely the result of different criteria of patient selection for analysis. Kim et al. [11] detected fatty metaplasia of the heart muscle in 17% of examined patients who underwent ECG-MSCT for the measurement of coronary calcium scores, but they too only analyzed the fatty deposits localized in the right ventricle. Hori et al. [24] detected fatty replacement in the right ventricle in 31 (25.8%) atherosclerotic patients.
Linear fatty changes were observed most often in our study (61.5% of fatty foci). Prior to our investigation, Kim et al. [11] was the only group to attempt to evaluate the morphology of fatty changes located in right ventricular muscle. The authors found that linear changes occurred in 53% of cases, with the band-like type occurring in 24% of cases and the punctate type in 23% of patients. The degree of right ventricle infiltration was also determined in their study. In 70% of cases, fat cells accumulated within one-third of the right ventricular wall. In 26% of the patients, fat occupied more than one-third, but less than two-thirds, of the right ventricular wall. Only 4% of fatty infiltration included the full thickness of the ventricular wall.
In our study, fatty foci most often localized simultaneously biventricularly and in the interventricular septum (23.5% of cases). In 17.1% of cases, fatty deposits were localized in the right ventricle and biventricularly in 16.1% of cases. To our knowledge only Jacobi et al. [25] and Raney et al. [27] analyzed the fatty foci localized in both ventricles. Jacobi et al. analyzed 1846 noncontrast chest CT studies without ECG gating. Fatty deposits were identified in 26 (1.4%) patients (14 were male, 12 were female, with a mean age of 69 years). Twelve patients were diagnosed with a 1-row CT scanner, 3 patients with a 4-row scanner, and 11 patients with a 16-row scanner. Fat was detected in the right ventricle in 27% of patients, in the left ventricle in 46% of patients, and biventricularly in 27% of patients. The patients with fatty metaplasia of the right ventricle were statistically older compared to the group of patients with fatty deposits in the left ventricle. Fifty percent of patients with fatty metaplasia of the left ventricle had myocardial infarction in the past. Only 1 patient in the analyzed group had histologically confirmed ARVD. In this case, fat was localized simultaneously in both ventricles. The authors concluded that fatty metaplasia of the right ventricle correlates with increased patient age, while fatty metaplasia of the left ventricle is associated with prior myocardial infarction. Raney et al. [27] analyzed the ECG-MSCT (64-slice scanner; Toshiba Aquilion, Tustin, CA) examinations of 100 healthy patients and 25 patients after myocardial infarction. They concluded that RV myocardial fat correlates with increased age in healthy populations, while LV myocardial fat most commonly was associated with myocardial infarction. They noticed that fatty foci in the left ventricle may also be present in healthy populations, but in these cases the optical density of fatty lesions is significantly higher compared to the infarcted group. It was also concluded that healthy men had a lower risk of fatty lesion within the left ventricle.
Our study determined that differences in distribution and morphology of fatty lesions were correlated with the patient's clinical diagnosis. A significant association was found between the localization of the fatty lesions within the heart and a clinical diagnosis (p<0.001). In patients after myocardial infarction, fatty deposits were usually located within the left ventricle and in the interventricular septum. Among the patients with suspected coronary artery disease and diagnosed as "other", fatty foci were mainly localized simultaneously in both ventricles and septum. A statistically significant relationship was also found between the localization of fatty foci within the heart wall and clinical diagnosis (p<0.001). In patients with advanced coronary artery disease, fatty lesions were located primarily subendocardially in the left ventricle. A similar dependence was described by Kimura et al. [12] . In patients with suspected coronary artery disease, fatty foci were observed mainly subpericardially in the right ventricular and papillary muscles. In patients with a diagnosis of "other", fatty changes were most frequently localized subendocardially and subpericardially in the left ventricle and subendocardially in the right ventricle.
Of all locations of fatty deposits assessed within the heart, only fatty changes restricted to the interatrial septum can be directly applied to literature data. LHIS was found in 15 patients in our study group, representing 0.8% of the analyzed group. These data are most similar to the autopsy results presented by Gay et al. and Reyes et al., which confirmed the presence of LHIS in 1% of patients [8, 17] Many authors have suggested a relationship between the occurrence of LHIS and high BMI index, as well as an age correlation [17, 19] . Authors have shown that the disease is more common in females [8] . A similar relationship was found in our study, where 60% of patients with LHIS were women. Also, the average BMI in patients with LHIS was elevated (an average of 28.0 for women and 27.7 for men). The average age of patients with this disease was 57.3 years for women and 57.6 years for men. Beau et al. [29] found that in patients fed parenterally, there was an increase in the layer of fat within the interatrial septum. According Degott et al. [30] , the probability that the interatrial septum will become a place for accumulation of adipose tissue increases with age, degree of obesity, and other factors affecting metabolism.
In cardiac imaging, LHIS has the characteristic shape of an hourglass. In all cases in our study, this morphology of the interatrial septum was noted. In evaluating MSCT studies, Heyer et al. indicated this morphology of the atrial septum in 92.6% of cases [28] . The average thickness of the septum in that study was 3.2cm (2.0-6.2 cm). In another study, Meaney et al. [31] reported an average thickness of 2.7cm (1.5-4.8).
In our study, the average thickness of the interatrial septum in patients with LHIS measured in the native phase was 23.8 mm (15.5-39 mm). In the diastolic phase, the average thickness of the interatrial septum was statistically lower and equaled 19.0 mm (15-34 mm). The optical density of the IAS was also determined before and after contrast administration. Average density was -73.3 HU in native scans. After administration of contrast medium, optical density was significantly higher, amounting to -25.0 HU.
The size and optical density of fatty changes in our study were analyzed before and after contrast administration. There are no reports in the literature on this issue to date. It was found that 66% of fatty foci were visible only in pre-contrast scanning. It was also noticed that the optical density of fatty foci increased after contrast administration; therefore, they became less visible in the post-contrast phase of ECG-MSCT examination. At most research centers, ECG-MSCT examinations of the coronary arteries are performed only after administration of contrast medium, without the review phase. This may be why fatty changes within the heart are so rarely reported by radiologists. As a result, many fatty foci remain unnoticed.
Conclusions
The incidental frequency of focal fatty replacement within the heart in patients diagnosed with the ECG-MSCT examinations is about 11%. Pre-contrast scanning is the most valuable for assessment of focal fatty replacement. Therefore, in studies focussing on diagnosis of fatty infiltration of the myocardium, as with suspected ARVD or LHIS, it is sufficient to perform these studies utilizing only the native scans. This prevents exposing patients to higher doses of ionizing radiation and reduces the risks associated with IV contrast administration.
